Abstract We present spectrophotometric results of the Seyfert 2 galaxy NGC 2273. The presence of high-order Balmer absorption lines (H8, H9, H10) and weak equivalent widths of CaII K λ3933, CN λ4200, G-band λ4300 and MgIb λ5173 clearly indicate recent star-forming activity in the nuclear region. Using a simple stellar population synthesis model, we find that for the best fit, the contributions of a power-law featureless continuum, an intermediate-age (∼ 10 8 yr) and an old (> 10 9 yr) stellar population to the total light at the reference normalization wavelength are 10.0%, 33.4% and 56.6%, respectively. The existence of recent starburst activity is also consistent with its high far-infrared luminosity (log L FIR /L = 9.9), its infrared color indexes [α(25, 60) = −1.81 and α(60, 100) = −0.79, typical values for Seyfert galaxies with circumnuclear starburst], and its q-value (2.23, ratio of infrared to radio flux, very similar to that of normal spirals and starburst galaxies). Byrd et al. have suggested that NGC 2273 might have interacted with NGC 2273B in less than 10 9 yr ago, so the starburst activity in this galaxy could have been triggered by tidal interaction, as indicated in recent numerical simulations.
INTRODUCTION
The connection between starburst activity and AGNs is one of the most important and hotly debated issues in the study of active galaxies. Ten years ago, in order to solve the problem of low levels of continuum polarization in many Seyfert 2 galaxies, Cid Fernandes & Terlevich (1992 have proposed that the nuclear starburst could be the origin of the blue unpolarized light. After comparing the IUE spectra of 20 brightest Seyfert 2 galaxies with Seyfert 1 galaxies, Heckman et al. (1995) have also suggested that most of the UV continuum in Seyfert 2 galaxies may be produced by a circumnuclear population of massive stars. Nowadays, the coexistence of nuclear starburst and AGN activity in a few dozens of galaxies have directly been detected by high-quality observations from HST and large ground-based telescopes. For example, by the use of HST's high-resolution ultraviolet (UV) images and spectra, Heckman et al. (1997) and Gonzalez Delgado et al. (1998) have revealed the most unambiguous signatures of young, massive starburst in the circumnuclear regions of four Seyfert 2 galaxies (Mrk 477, NGC 5135, NGC 7130 and IC 3639) . Gu et al. (2001) detected a clear signature of young, massive nuclear starburst in NGC 7679 (Seyfert 2 galaxy) in its far and near-UV spectrum. More recently, Aretxaga et al. (2001) even detected prominent Balmer absorption lines in six radio galaxies, which are attributed to stars with ages less than 1 Gyr. In order to investigate the frequency of nuclear starburst in Seyfert 2 galaxies, Gonzalez and Storchi-Bergmann et al. (2000) respectively analyzed the near-UV spectra of a northern and southern sample (each containing 20 Seyfert 2 galaxies), and found that about 30%-50% Seyfert 2 galaxies show the existence of nuclear starburst activity.
On the observational side, possible signatures of starburst for Seyfert 2 galaxies are: (1) the presence of far-UV stellar wind resonance lines (such as N V λ1240, Si IV λ1400 and C IV λ 1550) due to O stars; (2) the broad emission line bumps around 4686Å and 5808Å from Wolf-Rayet stars and high-order Balmer absorption lines of HI and HeI originating in the photospheres of O, B and A-type stars (Gonzalez Delgado et al. 1999) . Recently, Cid Fernandes et al. (2001) suggested a series of empirical criteria for the existence of starburst in Seyfert 2 galaxies, such as weak CaII K λ3933, low excitation lines and large far-infrared luminosity, etc.
As summarized by Cid Fernandes et al. (2001) , there are three stages in the study of circumnuclear starburst in Seyfert galaxies: ' '(1) identifying starbursts in these systems; (2) characterizing the properties of the starburst (age and mass or star formation rate) and the AGN (black hole mass, accretion rate); and (3) investigating possible connections between these properties". This paper deals mainly with the first stage, where we present unambiguous evidence of star-forming activity in the nuclear region of NGC 2273.
Historically, narrow-band Hα + [NII] imaging by Pogge (1989) and Gonzalez did not show any diffuse circumnuclear emission in NGC 2273, and they suggested that there was little, if any, active circumnuclear star formation in this galaxy. Though the radioinfrared ratio (q-value) of NGC 2273 is very similar to that of normal spirals and starburst galaxies, Lonsdale et al. (1992) suggested that NGC 2273 is powered by AGN, rather than starburst activity. Here, for the first time, we present unambiguous spectral signatures of starburst (high-order Balmer absorption lines and weak equivalent widths of CaII K λ3933, CN λ4200, G-band λ4300 and MgIb λ5173) in the central 2 × 2 region of NGC 2273 during our survey of a sample of nearby bright Seyfert 2 galaxies for nuclear starburst activity with the 2.16 m telescope of National Astronomical Observatory of China. Bassani et al., 1999 We suggest that the nuclear starburst activity detected in this galaxy (with age ∼ 10 8 yr) might be triggered by its tidal interaction with NGC 2273B, as indicated by recent numerical simulations (Barnes & Hernquist 1996; Mihos & Hernquist 1996) . Table 1 presents basic data for NGC 2273. This paper is organized as follows: In Sec. 2 we describe the observation, data reduction and present our results. In Sec. 3 we discuss the results of a simple stellar population synthesis model, starburst and AGN activity in NGC 2273, and in Sec. 4, we summarize our conclusions. is adopted in this paper). HeAr-spectra were taken before and after the object spectra for wavelength calibration, and Hiltner 600 was selected from KPNO standards for flux calibration. The total exposure time was 8 100 s (3×2700 s). All spectra were reduced using standard IRAF 1 procedures. In all cases, the spectra were bias-corrected, and divided by a normalized flat field image in order to remove the pixel-to-pixel variations. Cosmic rays were replaced by an average of their neighboring pixels. The wavelength calibration was accomplished with HeAr arc spectrum and a third-order spline3 function was typically used to fit over 20 comparison lines with the RMS less than 0.4Å. All spectra have been flux-calibrated with a standard star. Finally, the observed line fluxes have been corrected for Galactic reddening of E(B −V ) = 0.071 mag. We will discuss the correction of the internal reddening in Sec. 3.1. The spectrum of the central 2 × 2 region of NGC 2273 is shown in Fig. 1 , and the properties of all the emission and absorption lines we identified in the spectrum are given in Table 2 . Stellar absorption wings clearly evolved in the Hβ and Hγ emission lines. For these two lines, the flux and EW are obtained using the IRAF-specfit routine. The spectrum also shows the presence of high-order Balmer absorption lines (H8, H9, H10), and several weak absorption lines, such as, CaIIK λ3933, CN λ4200, G-band λ4300 and MgIb λ5173 (see Fig. 1 ). Fig. 1 Observed spectrum of NGC 2273. The inset is an enlargement of the spectral range 3650-4500Å, where we can clearly find the high-order Balmer absorption lines and weak absorption lines of CaII K, G-band and Mg Ib, which are indicated by 1-H10, 2-H9, 3-H8, 4-Ca II K, 5-H + CaII H, 6-Hδ, and 7-G-band.
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Stellar Populations
To estimate the stellar population in the nuclear region of NGC 2273, we compare our observed spectrum with the evolutionary synthesis model, GISSEL96 (Bruzual & Charlot 1996) . Following Cid Fernandes et al. (2001) , we take three components: an old and an intermediate population, with ages > 1 Gyr and ∼ 10 8 yr, respectively, and an f λ ∼ λ −1 power-law component to account for a scattered AGN continuum, since NGC 2273 is found to be a Seyfert 2 galaxy with hidden polarized broad emission lines (Moran et al. 2000) . The form for the AGN continuum of f λ ∼ λ −1 is consistent with the recent spectropolarimetric observations for Mrk 1210 and Mrk 463E (Watanabe et al. 2003) .
First, we normalize all the spectra at 4800Å, and compare the parameters of the continuum flux at 3682, 4020, 4510 and 5500Å, as well as the EWs of the absorption lines of CaIIK λ3933, the G-band λ4300 and Mg Ib λ5173. The relative errors on these quantities are set to 5%-10% for the continuum fluxes and 1.0Å for the EWs of absorption lines, which are similar to our measurement uncertainties. Following Schmitt, Storchi-Bergmann & Cid Fernandes (1999) , Stochi-Bergmann et al. (2000) and Cid Fernandes et al. (2001) , the observed fluxes are dereddened by different E(B − V ) values in the range of 0-0.5 mag, with steps of 0.01 and compared with the synthesized values. Since the spectral population synthesis is a degenerate problem: more than one acceptable solution can fit the observed data. For NGC 2273, we find that there are 42 151 solutions in total. The average contributions of three components (power-law, the intermediate and old populations) to the total 4800Å monochromatic light are 11.8%, 32.8%, 55.4%, and their standard 1 σ error are 5.2%, 5.4% and 1.1%, respectively. We also derived the internal extinction (E(B − V )) to be 0.329 ± 0.02 mag. Our final result is given by minimizing
] 2 , C oi and C ti being the observed and synthesized relative continuum fluxes at 3682, 4020, 4510 and 5500Å, and EW oj and EW tj , the observed and synthesized equivalent widths of CaII K λ3933, the G-band λ4300 and Mg Ib λ5173). The fractions of the three components for the minimum χ 2 fit are 10.0%, 33.4% and 56.6%, respectively, and E(B − V ) is 0.32 mag, which is shown in Fig. 2 . It is well known that the extinction for narrow emission line regions (NLRs) could be estimated from the observed ratio of Balmer decrement (Vacca & Conti 1992) , which is E int B−V = 2.106 log( I(Hβ) ), where F (Hα)/F (Hβ) and I(Hα)/I(Hβ) are the observed and intrinsic H α to H β flux ratios, respectively. In this paper, we adopt an intrinsic ratio of 3.1 for AGN (Gaskell & Ferland 1984) . For NGC 2273, the observed F (Hα)/F (Hβ) is equal to 5.90, then the extinction, E(B − V ), for NLRs is estimated to be 0.59 mag, which is different from the value derived from the stellar population synthesis [E(B − V ) = 0.32 mag]. This is probably due to the intrinsic uncertainties associated with the reddening corrections (Cid Fernandes et al. 2001) .
The stellar population in NGC 2273 consists mainly of a mixture of middle age (∼ 10 8 yr) and old stars. The lack of very young (a few Myr old) age population is also confirmed by the IUE spectrum, shown in Fig. 3 , where stellar wind resonance absorption lines (such as N V λ1240, Si IV λ1400 and C IV λ1550) due to O stars are completely absent.
Our results of the high percentage (∼ 33%) of the middle-age stellar component in NGC 2273 are also consistent with those of Cid Fernandes et al. (2001) . In their sample, there are two galaxies (Mrk 78 and ESO 362-G08) located in the post-starburst phase with high-order Balmer absorption lines, just as in NGC 2273, and the contributions of the three components (featureless continuum, intermediate and old stellar populations) are 6.8%, 21.2% and 72.0% for Mrk 78; 4.9%, 38.5% and 56.6% for ESO 362-G08, respectively. Fig. 3 Comparison of the IUE UV spectrum of NGC 2273 with that of NGC 7679, which has been shown to be a young starburst + AGN system (Gu et al. 2001) . Several stellar wind absorption lines, such as N V λ 1240, Si IV λ 1400 and C IV λ 1550, can be identified in the IUE spectrum of NGC 7679, which are completely absent in NGC 2273.
AGN Activity in NGC 2273
NGC 2273 is originally classified as a Seyfert 2 galaxy by Huchra, Wyatt & Davis (1982) . Lonsdale et al. (1992) indicated that NGC 2273 contains a milliarcsecond, high brightness temperature (with T B ∼ 4 × 10 8 K) core, which is a classical indicator for AGN activity. The more direct evidence of AGN activity comes from the polarized broad Hα emission line with full width at zero intensity (FWZI) of ∼ 5000 km s −1 , discovered by Moran et al. (2000) . ASCA X-ray images (at soft-and hard-band) indicate that NGC 2273 is point-like, and the spectrum shows a heavily absorbed continuum with N H > 1.0 × 10 24 cm −2 and a strong fluorescent Fe K line with EW of 1.0 keV (Pappa et al. 2001; Terashima et al. 2002) .
Though NGC 2273 contains a hidden Seyfert 1 nucleus which is detected in polarized light, the contribution of the AGN at the optical band is nearly negligible, this is probably because the AGN is highly obscured (Compton-thick with N H ≥ 10 25 , Bassani et al. 1999) , any direct nuclear emission is completely absorbed.
Starburst Activity in NGC 2273
Lonsdale et al. (1992) noticed that there might be some absorption underlying the emission line Hβ, and Ho et al. (1997) observed the spectrum of the central 2 × 4 region in NGC 2273 with spectral coverage ∼ 4230 − 5110Å and ∼ 6210 − 6860Å. From their spectral analyses, they found that the EWs of stellar absorption lines at Hα, Hβ, Hγ and G-band are 1.87, 2.25, 2.06, and 1.52Å, respectively. Due to their spectral range, they could not provide the near-UV data where high-order Balmer lines are located. Here we present, for the first time, the existence of high-order Balmer absorption lines (H8, H9 and H10) and weak equivalent widths for CaII K λ3933, CN λ4200, G-band λ4300 and MgIb λ5173, which clearly indicate recent star-forming activity in the nuclear region (R < 150 pc).
Other indicators for nuclear starburst in NGC 2273 include the IR color indexes and IR-radio ratio. According to Neugebauer et al. (1986) , the region with IR color indexes α(25, 60) ≤ −1.5 and α(60, 100) ≥ −1.1, where α(λ1, λ2) = − log(F λ2 /F λ1 )/ log(λ2/λ1), is where one could find Seyfert galaxies with a circumnuclear starburst. For NGC 2273, α(25, 60) = −1.81 and α(60, 100) = −0.79, which confirm that NGC 2273 is really a composite (starburst + AGN) system. It is well known that a tight correlation exists between radio and far-infrared (FIR) emission for normal, starburst and Seyfert galaxies (the latter with larger scatter, which is ascribed to additional contribution from the AGN) (Helou et al. 1985) . Hill et al. (2001) suggested that in starburst + AGN systems, FIR and radio properties are dominated by starforming activity at 90% confidence level, even the presence of compact radio cores. The radio-FIR ratio (q = 2.23) of NGC 2273 is very similar to that of normal spirals and starburst galaxies, which might indicate that both the FIR and radio emission are powered by starburst activity, rather than by the AGN.
There are many observational examples to show that tidal interaction between galaxies plays a key role in triggering galactic nuclear activity (both nuclear starburst and AGN activities) (Zou et al. 1995) . NGC 2273 is a member of the Group LGG137 (Garcia 1993) , and Byrd et al. (1987) proposed that tidally induced activity occurs when the companion passes the perigalacticon, and the activities (both starburst and AGN) can continue as the companion recedes towards the apogalacticon. They suggested that NGC 2273 might have interacted with NGC 2273B within the last 10 9 years (the difference of their radial velocities is 61 km s −1 , and the projected separation is 41 arcmin, corresponding to 330 kpc). So the starburst activity in this galaxy (with age ∼ 10 8 yr) could have been triggered by the tidal interaction, as indicated by recent numerical simulations (Barnes & Hernquist 1996; Mihos & Hernquist 1996) .
CONCLUSIONS
In this paper, we present unambiguous lines of evidence for recent starburst activity in the nuclear region of NGC 2273, including: the high-order Balmer absorption lines and the weaker CaII K λ3933, CN λ4200, G-band λ4300 and MgIb λ5173. The best fit with a simple threecomponent model gives the following percentages in the nuclear stellar population: intermediate age (10 8 yr) stars, 33.4%; the old (>1 Gyr) stars, 56.6%; and a possibly scattered AGN powerlaw component, 10%.
